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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a non-aqueous 
electrolyte secondary battery in which loading performance and 
cycle performance are improved even if additional amount of 1 
zirconium is small as less than 1 mol%. 

SOLUTION: In this non-aqueous electrolyte secondary battery, 
cobalt complex oxide, containing lithium of hexagonal crystals 
which are added by 0.01 mol% or more and 0.9 mol% or less of '[ 
zirconium by co-precipitation in synthesizing a cobalt compound { 
(for example, cobalt carbonate and cobalt hydroxide) to become 
the cobalt source is used as a positive electrode active material. • 
Because of this, compared with such a case that zirconium is 
added in baking a cobalt complex oxide containing lithium, 
zirconium by a smaller amount is added more homogeneously on 
the surface of the cobalt complex oxide containing lithium. In 
this case, it is preferable that a crystallite diameter in (110) j 
vector direction of the positive electrode active material is 900 
&angst; or more and 1,100 &angst; or less. By this, without I 
accompanying capacity reduction or safety reduction, the i 
improvement of cycle performance can be achieved. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the nonaqueous electrolyte secondary battery provided with positive active material in which 
occlusion and discharge of a lithium ion are possible, negative electrode active material in which 
occlusion and discharge of a lithium ion are possible, and a nonaqueous electrolyte, 
said positive active material — the time of composition of a cobalt compound as a source of cobalt — 
coprecipitation — a zirconium — more than 0.01 mol % and less than 0.9 mol % — a nonaqueous 
electrolyte secondary battery being a lithium content cobalt multiple oxide of an added hexagonal 
system. 
[Claim 2] 

The nonaqueous electrolyte secondary battery according to claim 1, wherein crystallite diameters of 
vector directions (110) are not less than 900A and 1 100A or less and said zirconium is distributing said 
positive active material uniformly on the surface of said lithium content cobalt multiple oxide. 
[Claim 3] 

It is a manufacturing method of a nonaqueous electrolyte secondary battery provided with positive active 
material in which occlusion and discharge of a lithium ion are possible, negative electrode active material 
in which occlusion and discharge of a lithium ion are possible, and a nonaqueous electrolyte, 
making a zirconium an initial cobalt compound for carrying out pyrolysis generation of the cobalt 
compound used as a source of cobalt with positive active material — more than 0.01 mol % and less than 
0.9 mol % — a coprecipitation process made to coprecipitate so that it may be added, 
A mixing process which mixes the 1st ingredient that consists of a cobalt compound in which said 
zirconium coprecipitated, and the 2nd ingredient that consists of a lithium compound used as a lithium 
source, and is used as a mixture, 

A manufacturing method of a nonaqueous electrolyte secondary battery provided with a baking process 
which calcinates said mixture. 
[Claim 4] 

A manufacturing method of the nonaqueous electrolyte secondary battery according to claim 3 
calcinating said mixture in said baking process so that a crystallite diameter of vector directions (1 10) 
may be not less than 900A and 1 100A or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to a nonaqueous electrolyte secondary battery provided with the positive active 
material in which the occlusion and discharge of a lithium ion are possible, the negative electrode active 
material in which the occlusion and discharge of a lithium ion are possible, and a nonaqueous electrolyte, 
and a manufacturing method for the same. 
[0002] 

[Description of the Prior Art] 

In recent years as a cell used for a portable electron, communication equipment, etc., such as a small 
video camera, a cellular phone, and a notebook computer, A lithium ion is used as negative electrode 
active material for occlusion, the alloy which can be emitted, or a carbon material, Cobalt acid lithium 
(LiCoO^, nickel acid lithium (LiNi0 2 ), the nonaqueous electrolyte secondary battery which uses lithium 

containing transition metal oxides, such as manganic acid lithium (LiMn 2 0 4 ), as positive active material - 

- a small light weight — and it came to be put in practical use as a chargeable and dischargeable cell in 

high capacity. 

[0003] 

If it is in nickel acid lithium (LiNi0 2 ) among the lithium containing transition metal oxides used for the 

positive active material of the nonaqueous electrolyte secondary battery mentioned above, While it had 
the feature of being high capacity, it was inferior to safety, and since it had the fault that excess voltage 
was large, it was inferior to cobalt acid lithium. If it was in manganic acid lithium (LiMn 2 0 4 ), while it had 

the feature that resources are abundant and that it is cheap, since it had the fault that manganese itself 
dissolved at an elevated temperature with low energy density, it was inferior to cobalt acid lithium. For 
this reason, in the present, it is in use to use cobalt acid lithium (LiCo0 2 ) as a lithium containing 

transition metal oxide. 
[0004] 

By the way, since cobalt acid lithium (LiCo0 2 ) is put to the potential beyond 4V to lithium, if this is used 

for the positive active material of a nonaqueous electrolyte secondary battery, whenever it repeats a 
charging and discharging cycle, cobalt will come to be eluted from an anode. For this reason, the anode 
deteriorated and the problem that the capacitance characteristics after a cycle and a load characteristic 
fell was produced, then, the time of calcinating a lithium source and the source of cobalt and 
compounding cobalt acid lithium — a zirconium — 1-10-mol% — it adds and the nonaqueous electrolyte 
secondary battery which raised load performance and cycle performance came to be proposed with the 
patent documents 1 (JP.4-31 9260.A). 
[Patent documents 1] 
JP,4-319260,A 
[0005] 

[Problem(s) to be Solved by the Invention] 

However, the zirconium produced the problem that the addition of a zirconium followed on increasing and 
cell capacity fell in order not to contribute to a cell reaction (charge-and-discharge reaction). For 
example, when the addition of the zirconium added to cobalt acid lithium was 1-mol%, it became clear 
that capacity falls 3% compared with the time of additive-free. 
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Then, it aims at providing the nonaqueous electrolyte secondary battery load performance and whose 
cycle performance improved, even if it is an addition of a small amount of (less than [ 1mol% ]) 
zirconiums to which cell capacity is not reduced in this invention. 
[0006] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, a nonaqueous electrolyte secondary battery of this 
invention, the time of composition of a cobalt compound (for example, cobalt carbonate, cobalt 
hydroxide) as a source of cobalt — coprecipitation — a zirconium — more than 0.1mol% — less than 

0. 9mol% — he is trying to use a lithium content cobalt multiple oxide of an added hexagonal system as 
positive active material If a zirconium is added by coprecipitation at the time of composition of cobalt 
compounds, such as cobalt carbonate and cobalt hydroxide, here, Compared with a case where a 
zirconium is added at the time of calcination of a lithium content cobalt multiple oxide, a zirconium 
comes to be homogeneously added by the surface of a lithium content cobalt multiple oxide in a small 
quantity. 

[0007] 

When a zirconium was homogeneously added according to coprecipitation as mentioned above, even if it 
was 0.5-mol% of an addition, it became clear that a cycle performance improvement effect equivalent to 
addition used as heterogeneous 5.0-mol% of addition at the time of calcination is acquired, for example. 
And as for a lower limit of an addition of a zirconium, since it is equivalent to heterogeneous 1.0~mol% of 
addition at the time of calcination even if it is 0.01-mol% of an addition, carrying out to 0.01-mol% is 
desirable. Since not less than 3% of capacity lowering has an addition of a zirconium at 1.0-mol%, an 
addition of a zirconium is more than 0.01 mol%, and it is desirable that it is less than 0.9mol%. As a result, 
improvement in cycle performance can be attained now by addition of a small quantity of a zirconium. 
[0008] 

In this case, it became clear that thermal stability in a charging state falls that a crystallite diameter of 
vector directions (110) of a lithium content cobalt multiple oxide is 900A or less. When a crystallite 
diameter of vector directions (110) of a lithium content cobalt multiple oxide became not less than 
1 100A, while safety at the time of continuation charge fell, it became clear that cycle performance falls. 
In order to acquire good cycle performance and thermal stability from these things (110), it is desirable 
for a crystallite diameter of vector directions to choose and use a lithium content cobalt multiple oxide 
(not less than 900A and 1 100A or less). 
[0009] 

And in order to obtain the above positive active material, making a zirconium an initial cobalt compound 
for carrying out pyrolysis generation of the cobalt compound used as a source of cobalt with positive 
active material — more than 0.01 mol% and less than 0.9mol% — with a coprecipitation process made to 
coprecipitate so that it may be added. What is necessary is just to have a mixing process which mixes v 
the 1st ingredient that consists of a cobalt compound in which a zirconium coprecipitated, and the 2nd 
ingredient that consists of a lithium compound used as a lithium source, and is used as a mixture, and a 
baking process which calcinates a mixture. In this case, in a baking process, it is desirable for positive 
active material to be a process calcinated so that a crystallite diameter of vector directions (1 10) may 
be not less than 900A and 1 100A or less. 
[0010] 

In this invention, while excelling in thermal stability and showing high safety, a cycle characteristic at the 
time of an elevated temperature improves, and in order to provide a nonaqueous electrolyte secondary 
battery which controlled degradation at the time of charge preservation, the feature is in a point using 
specific positive active material. Therefore, a material more publicly known than before can be used 
about a negative pole material, a separator material, nonaqueous electrolyte material, and binder material. 

[0011] 

[Embodiment of the Invention] 

Subsequently, although an embodiment of the invention is described below, in the range which is not 
limited to this embodiment at all and does not change the purpose of this invention, it changes suitably 
and this invention can be carried out. 
[0012] 

1 . Production of positive active material 

First, after adding the zirconium sulfate (ZrS0 4 ) of the specified quantity in a cobalt sulfate (CoS0 4 ) 
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solution, the zirconium (Zr) was made to coprecipitate by adding sodium bicarbonate (NaHC0 3 ) at the 

time of cobalt carbonate (CoCO^) composition. Then, the tricobalt tetroxide (Co 3 0 4 ) of the zirconium 

addition as a starting material of the source of cobalt was obtained for these by the thermal 
decomposition reaction. Subsequently, after preparing lithium carbonate (Li 2 C0 3 ) as a starting material 

of a lithium source, weighing was carried out so that the mole ratio of lithium and cobalt might be set to 
1:1. Subsequently, after mixing these with a mortar, the obtained mixture was calcinated at 850 ** in the 
air for 20 hours, and the zirconium compounded the baking body of the cobalt acid lithium (LiCo0 2 ) 

added by the surface. Then, the compound baking body was ground until mean particle diameter was set 

to 10 micrometers, and it was considered as positive active material. 

[0013] 

Here, positive active material compounded so that the addition of a zirconium (Zr) might be 0.01 -mol% 
was used as the positive active material alpha. Similarly 0.10-mol the thing used as % was used as the 
positive active material beta, 0.50-mol the thing used as % was used as the positive active material 
gamma, 0.90-mol the thing used as % was used as the positive active material delta, 1.00-mol the thing 
used as % was used as the positive active material epsilon, and 2.00-mol the thing used as % was used as 
the positive active material zeta. The addition of the zirconium (Zr) also compounded the thing used as 0 
(additive-free), and made this the positive active material eta. The addition of a zirconium (Zr) is the 
value produced by ICP (Inductivery Coupled Plasma; plasma emission spectrometry) analyzing. 
[0014] 

2. Measurement of weighted solidity of positive active material 

When obtained positive-active-material alpha-eta was measured by XRD (X-Ray Diffraction), it became 
clear that it is cobalt acid lithium (LiCo0 2 ) of a hexagonal system. If it asks for a crystallite diameter 

(110) (crystallite diameter of vector directions) using Scherrers formula, The positive active material 
alpha (Zr:0.01-mol%) is 1001 A, and the positive active material beta (Zr:0.1 0-mol%) is 985A, The positive 
active material gamma (Zr:0.50-mol%) is 978A, and the positive active material delta (Zr:0.90-mol%) is 
952A, The positive active material epsilon (Zr:1.00-mol%) was 947A, the positive active material zeta 
(Zr:2.00-mol%) was 932A, and the positive active material eta (additive-free) was 1015A. 
[0015] 

Subsequently, it prepared 2g of obtained positive-active-material alpha-eta at a time, respectively, and 
added in the beaker whose capacity with which each of such positive active material was filled up into 
150 ml of ion exchange water, respectively is 200 ml. Then, after putting the stirring bar in the beaker 
and carrying out the seal of the beaker with a thin film, it agitated for 30 minutes. Subsequently, after 
carrying out suction filtration of each agitated solution with a membrane filter (that whose aperture is 0.1 
micrometer in the product made from PTFE), As a result of measuring filtrate with the pH meter 
provided with the ISFET (Ion-Selective Fieldeffect Transistor: field effect transistor in which gate 
electrode has susceptibility to ion of a certain kind in electrolysis solution) electrode, the result as 
shown in the following table 1 was obtained. 
[0016] 
[Table 1] 
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[0017] 

The addition of a zirconium follows on increasing and a crystallite diameter decreases so that clearly 
from the result of the above-mentioned table 1, but it turns out that a pH value increases conversely. 
[0018] 

3. Production of anode 

Subsequently, using each positive-active-material alpha-eta produced as mentioned above, by ten mass 
parts, each of such positive active material was mixed so that the polyvinylidene fluoride (PVdF) powder 
as a binder might serve as five mass parts, and the carbon powder end as a conducting agent produced 
positive electrode mixture by 85 mass parts. Subsequently, after mixing the obtained positive electrode 
mixture with N-methyl pyrrolidone (NMP) and considering it as an anode slurry, This anode slurry was 
applied to 20-micrometer-thick both sides of a positive pole collector (aluminium foil or aluminum alloy 
foil) with the doctor blade method, and the active material layer was formed in both sides of a positive 
pole collector. After drying this, it rolled until it became predetermined thickness (for example, 170 
micrometers) using the compression roll, and it cut to the prescribed dimension (at 55 mm, the length of 
width is 500 mm), and the anode a, b, and c, d, e, f, and g were produced, respectively. 
[0019] 

The thing using the positive active material alpha (Zr:0.01 -mol%) is used as the anode a, The thing using 
the positive active material beta (Zr:0.10-mol%) is used as the anode b, The thing using the positive 
active material gamma (Zr:0.50-mol%) is used as the anode c, The thing using the positive active material 
delta (Zr:0.90-mol%) was used as the anode d, the thing using the positive active material epsilon 
(Zr:1.00-mol%) was used as the anode e, the thing using the positive active material zeta (Zr:2.00-mol%) 
was used as the anode f, and the thing using the positive active material eta (Zr: additive-free) was used 
as the anode g. 
[0020] 

4. Production of negative electrode 

On the other hand, by 95 mass parts, after the end of natural graphite powder was mixed so that the 
polyvinylidene fluoride (PVdF) powder as a binder might serve as five mass parts, it mixed this with N- 
methyl pyrrolidone (NMP), and considered it as the negative-electrode slurry. Then, the obtained 
negative-electrode slurry was applied to one side of an 1 8-micrometer-thick negative pole collector 
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(copper foil) with the doctor blade method, and the active material layer was formed in one side of a 
negative pole collector. After drying this, it rolled until it became predetermined thickness (for example, 
1 55 micrometers) using the compression roll, and it cut to the prescribed dimension (at 57 mm, the 
length of width is 550 mm), and the negative electrode was produced. 
[0021] 

5. Production of nonaqueous electrolyte secondary battery 

Subsequently, after making the separator which consists of fine porous membrane made from 
polypropylene among these intervene using respectively each anode a, b, and c produced as mentioned 
above, d, e, f, g, and the negative electrode produced as mentioned above and laminating, these were 
wound spirally, respectively and it was considered as the spiral electrode group. After inserting these in 
respectively cylindrical metal armor cans, the collecting tab which extends from each charge collector 
was welded to each terminal, and the nonaqueous electrolyte which dissolved 1 mol/l. of LiPFg in the 

constant volume mixed solvent of ethylene carbonate (EC) and diethyl carbonate (DEC) was poured in. 
[0022] 

Then, the anode lid was attached and obturated to the opening of the armor can, and rated capacity 
produced the nonaqueous electrolyte secondary battery of 1500mAh (at 65 mm, the diameter of height is 
18 mm), respectively. The thing using the anode a was used as the cell A, the thing using the anode b 
was used as the cell B, the thing using the anode c was used as the cell C, the thing using the anode d 
was used as the cell D, the thing using the anode e was cell E Carried out, the thing using the anode f 
was used as the cell F, and the thing using the anode g was used as the cell G. 
[0023] 

6. Measurement of battery characteristic 

(1) Initial capacity 

It is 1500 mA (numerical value as which 1 It:It is expressed in rated capacity (mA) / 1h (time)) charging 
current in 25 ** temperature environment using each of these cell A-G, Constant potential charge was 
carried out after carrying out constant current charge until cell voltage was set to 4.2V until end current 
was set to 30 mA with the constant voltage whose cell voltage is 4.2V. Then, when the charge and 
discharge of making it discharge until cell voltage is set to 2.75V by 1500 mA (1It) discharge current 
were performed only once and the service capacity (initial capacity) of 1 cycle eye was calculated from 
the charging time value, a result as shown in the following table 2 was brought. 
[0024] 

(2) The capacity maintenance rate in 25 ** 

Subsequently, constant potential charge was carried out after carrying out constant current charge using 
each of these cell A~G until cell voltage was set to 4.2V according to 1500 mA (1It) charging current by 
25 ** temperature environment until end current was set to 30 mA with the constant voltage whose cell 
voltage is 4.2V. Then, it was made to discharge until cell voltage was set to 2.75V by 1500 mA (1It) 
discharge current, and this was made into the charge and discharge of 1 cycle eye. Subsequently, when 
asked for the ratio (%) of the service capacity of a 300 cycle eye [ as opposed to the service capacity of 
300 cycle repetition ****** and 1 cycle eye for such charge and discharge ] as a capacity maintenance 
rate (%) in 25 **, a result as shown in the following table 2 was brought. 
[0025] 

(3) The capacity maintenance rate in 60 ** 

Constant potential charge was carried out after similarly carrying out constant current charge using each 
of these cell A-G until cell voltage was set to 4.2V according to 1500 mA (1It) charging current by 60 ** 
temperature environment until end current was set to 30 mA with the constant voltage whose cell 
voltage is 4.2V. Then, it was made to discharge until cell voltage was set to 2.75V by 1500 mA (1 It) 
discharge current, and this was made into the charge and discharge of 1 cycle eye. Subsequently, when 
asked for the ratio (%) of the service capacity of a 300 cycle eye [ as opposed to the service capacity of 
300 cycle repetition ****** and 1 cycle eye for such charge and discharge ] as a capacity maintenance 
rate (%) in 60 **, a result as shown in the following table 2 was brought. 
[0026] 

(4) thermometric analysis (measurement of DSC exothermic starting temperature) of a charge anode 
Subsequently, using each of these cells A-G, constant current charge was carried out until cell voltage 
was set to 4.2V according to the charging current of 100microA by 25 ** temperature environment. 
Then, each of these cells were disassembled all over the dry box, the anode was taken out, vacuum 
drying was washed and carried out by dimethyl carbonate, and the specimen was obtained. After adding 
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10 rng of ethylene carbonate to 40 mg of these specimens, it obturated in the cell made from aluminum 
under argon atmosphere. Subsequently, these cells are put into a differential scanning calorimeter (DSC), 
the heating rate carried out temperature up by 5 ** / min, and when the temperature (DSC exothermic 
starting temperature) to which each test piece starts self-generation of heat was measured, a result as 
shown in the following table 2 was brought. 
[0027] 
[Table 2] 
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[0028] 

It turns out that the capacity maintenance rate of cell [ addition / of a zirconium (Zr) ] A~D using anode 
a-d beyond 0.01 mol% in 25 ** and 60 ** is improving not less than 4% from the cell G by which the 
zirconium (Zr) used the additive-free anode g so that clearly from the result of the above-mentioned 
table 2. However, the cells [ addition / of a zirconium (Zr) ] E and F using the anodes e and f beyond 
1.00mol%. While the capacity maintenance rate in 25 ** improves from the cell [ zirconium / (Zr) ] G 
using the additive-free anode g and initial capacity falls not less than 3%, it turns out that a pH value 
rises by superfluous addition and the capacity maintenance rate in 60 ** comes to fall. From this, it can 
be said that it is desirable to use less than 0.09mol% at more than 0.01 mol% as for the addition of a 
zirconium (Zr). 
[0029] 

7. Homogeneous addition of zirconium 

In the example mentioned above, in order to decrease the addition of a zirconium, the example using the 
positive active material which added the zirconium homogeneously on the surface of positive active 
material (LiCo0 2 ) was explained. Namely, after making a zirconium (Zr) coprecipitate at the time of 

cobalt carbonate (CoC0 3 ) composition, The tricobalt tetroxide (Co 3 0 4 ) of zirconium addition is obtained 

for this by a thermal decomposition reaction, The example which adds and calcinates lithium carbonate 
(Li 2 C0 3 ) to this, and is used as the baking body of cobalt acid lithium (LiCo0 2 ) of zirconium addition was 

explained. 
[0030] 

Here, when the zirconium was homogeneously added on the surface of positive active material (LiCo0 2 ), 
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it was examined below whether it would become possible to decrease how many additions of a zirconium 
as compared with the case where a zirconium is added heterogeneously. For this reason, while preparing 
lithium carbonate (Li 2 C0 3 ) as a starting material of a lithium source, After carrying out weighing and 

mixing so that the mole ratio of lithium and cobalt may be set to 1 :1 in these, after preparing a tricobalt 
tetroxide (Co 3 0 4 ) as a starting material of the source of cobalt, zirconium oxide (Zr0 2 ) was further 

added as a zirconium source, and it mixed. Subsequently, the obtained mixture was calcinated at 850 ** 
in the air for 20 hours, and the zirconium compounded the baking body of the cobalt acid lithium 
(LiCo0 2 ) added heterogeneously. 

[0031] 

Positive active material compounded so that the addition (an addition is the value produced by ICP 
analyzing in addition) of a zirconium (Zr) might be 1 .00-mol% was used as the positive active material 
theta, and 5.00-mol the thing used as % was used as the positive active material iota. Subsequently, 
when the obtained positive active material theta and iota was measured by XRD, it became clear that it 
is cobalt acid lithium (LiCo0 2 ) of a hexagonal system. When asked for the crystallite diameter (1 10) 

(crystallite diameter of vector directions) using Scherrer's formula, the positive active material theta 

(Zr:1.00-mol%) was 997A, and the positive active material iota (Zr:5.00-mol%) was 990A. 

[0032] 

Subsequently, when pH of the obtained positive active material theta and iota was measured like ****, 
the result as shown in the following table 3 was obtained. The anodes h and i were produced like **** 
using each positive active material theta and iota produced as mentioned above, respectively. The thing 
using the positive active material theta was used as the anode h, and the thing using the positive active 
material iota was used as the anode i. Subsequently, the nonaqueous electrolyte secondary batteries H 
and I were produced like **** using each anodes h and i produced as mentioned above, respectively. The 
thing using the anode h was used as the cell H, and the thing using the anode i was used as the cell I. 
[0033] 

When initial capacity, (%) and the capacity maintenance rate in 25 **, and the capacity maintenance rate 
(%) in 60 ** were searched for by the same method as **** using each of these cells H and I, 
respectively, a result as shown in the following table 3 was brought. The result of the cell A, C, and D 
mentioned above is also collectively shown in the following table 3. 
[0034] 
[Table 3] 
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[0035] 

clear from the result of the above-mentioned table 3 — as — the surface — homogeneous — a 
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zirconium — 0.50-mol% — with the cell C using the added positive active material (LiCo0 2 ). a zirconium 

— heterogeneous — 5.00-mol% — when the cell I using the added positive active material (LiCo0 2 ) is 

compared, it turns out that the capacity maintenance rate of the direction of the cell C in 25 ** and 60 
** is improving, the surface — homogeneous — a zirconium — 0.01 -mol% — with the cell A using the 
added positive active material (LiCo0 2 ). a zirconium — heterogeneous — 1.00-mol% — when the cell H 

using the added positive active material (LiCo0 2 ) is compared, it turns out that the capacity 

maintenance rate of the direction of the cell A in 25 ** and 60 ** is improving. When a zirconium is 
homogeneously added on the surface from these things, it turns out that effective addition is attained in 
a small quantity. 
[0036] 

8. Examination about other alloying elements 

In the example mentioned above, although the example which adds a zirconium (Zr) as a different species 
element to cobalt acid lithium (LiCo0 2 ) was examined, the case where titanium (Ti) was added as other 

different species elements was examined here. Then, after adding titanium sulfate (TiS0 4 ) of the 

specified quantity in a cobalt sulfate (CoS0 4 ) solution, titanium (Ti) was made to coprecipitate by adding 

sodium bicarbonate (NaHC0 3 ) at the time of cobalt carbonate (CoC0 3 ) composition. Then, the tricobalt 

tetroxide (Co 3 0 4 ) of the titanium addition as a starting material of the source of cobalt was obtained for 

these by the thermal decomposition reaction. Subsequently, after preparing lithium carbonate (Li 2 C0 3 ) 

as a starting material of a lithium source, weighing was carried out so that the mole ratio of lithium and 
cobalt might be set to 1:1. Subsequently, after mixing these with a mortar, the obtained mixture was 
calcinated at 850 ** in the air for 20 hours, and the baking body of cobalt acid lithium (LiCo0 2 ) of 

titanium addition was compounded. Then, the compound baking body was ground until mean particle 

diameter was set to 10 micrometers, and it was considered as positive active material. 

[0037] 

Here, positive active material compounded so that the addition (an addition is the value produced by ICP 
analyzing in addition) of titanium (Ti) might be 0.50-mol% was used as the positive active material kappa, 
and 0.90-mol the thing used as % was used as the positive active material lambda. Subsequently, when 
the obtained positive active material kappa and lambda was measured by XRD, it became clear that it is 
cobalt acid lithium (LiCo0 2 ) of a hexagonal system. When asked for the crystallite diameter (1 10) 

(crystallite diameter of vector directions) using Scherrer's formula, the positive active material kappa 

(Ti:0.50-mol%) was 925A, and the positive active material lambda (Zr:0.90~mol%) was 890A. 

[0038] 

Subsequently, when pH of the obtained positive active material kappa and lambda was measured like 
****, the result as shown in the following table 4 was obtained. The anodes j and k were produced like 
**** using each positive active material kappa and lambda produced as mentioned above, respectively. 
The thing using the positive active material kappa was used as the anode j, and the thing using the 
positive active material lambda was used as the anode k. Subsequently, the nonaqueous electrolyte 
secondary batteries J and K were produced like **** using each anodes j and k produced as mentioned 
above, respectively. The thing using the anode j was used as the cell J, and the thing using the anode k 
was used as the cell K. 
[0039] 

When, it asked for (%), the capacity maintenance rate, the capacity maintenance rate (%) in 60 **, and 
DSC exothermic starting temperature in 25 ** by the same method as **** using each of these cells J 
and K, respectively, a result as shown in the following table 4 was brought. The result of the cells C and 
D mentioned above is also collectively shown in the following table 4. 
[0040] 
[Table 4] 
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[0041] 

When it replaces with a zirconium (Zr) and titanium (Ti) is added so that clearly from the result of the 
above-mentioned table 4, it turns out that a pH value rises while a crystallite diameter becomes small, 
even if it is the same addition, and DSC exothermic starting temperature is falling by not less than 10 **. 
This shows that it is more effective for cobalt acid lithium (LiCo0 2 ) to add a zirconium (Zr) rather than 

adding titanium (Ti) as a different species element. If it puts in another way and a zirconium will be 
homogeneously added on the surface of cobalt acid lithium (LiCo0 2 ), it is possible to raise a 25 ** 

(ordinary temperature) capacity maintenance rate and a 60 ** (elevated temperature) capacity 

maintenance rate, with thermal stability (have held high crystallinity) held. 

[0042] 

9. Examination about crystallite diameter 

Subsequently, the size of the crystallite diameter of the cobalt acid lithium (LiCo0 2 ) which added the 

zirconium (Zr) homogeneously on the surface was examined. Then, calcination temperature is changed 
when compounding the positive active material alpha (Zr:0.01-mol%), The crystallite diameter produced 
the positive active material alpha 1 (851 A) different, respectively, alpha 2 (899A), alpha 3 (952A), alpha 4 
(997A), alpha 5 (1048A), alpha 6 (1100A), alpha 7 (1152A), and alpha 8 (1200A). 
[0043] 

Calcination temperature is changed when compounding the positive active material delta (Zr:0.90-mol%), 
The crystallite diameter produced the positive active material delta 1 (854A) different, respectively, delta 
2 (902A), delta 3 (950A), delta 4 (997A), delta 5 (1050A), delta 6 (1 101A), delta 7 (1 153A), and delta 8 
(1201A). Similarly, calcination temperature is changed when compounding the positive active material eta 
(additive-free), The crystallite diameter produced the positive active material eta 1 (848A) different, 
respectively, eta 2 (896A), eta 3 (950A), eta 4 (998A), eta 5 (1048A), eta 6 (1 101 A), eta 7 (1 150A), and 
eta 8 (1200A). 
[0044] 

Subsequently, the anodes a1-a8, d1-d8, g1 - g8 were produced like **** using each positive active 
material alpha 1-alpha8 produced as mentioned above, delta1-delta8, and eta1~eta8, respectively. The 
thing using the positive active material alpha1~alpha8 was used as the anodes a1-a8, the thing using the 
positive active material deltal -delta8 was used as the anodes d1-d8, and the thing using the positive 
active material eta1~eta8 was used as the anodes g1~g8. Subsequently, the nonaqueous electrolyte 
secondary batteries A1-A8, D1-D8, G1 - G8 were produced like **** using each anodes a1-a8 produced 
as mentioned above, d1-d8, g1 - g8, respectively. The thing using the anodes a1-a8 was used as the 
cells A1-A8, the thing using the anodes d1-d8 was used as the cells D1-D8, and the thing using the 
anodes g1-g8 was used as the cells G1-G8. 
[0045] 
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The capacity maintenance rate (%) in 25 ** was searched for by the same method as **** using each of 
these cells A1-A8, D1-D8, G1 - G8. Then, when the crystallite diameter of the positive active material 
alpha1-alpha8 (O seal of drawjng J), delta1-delta8 (** seal of drawing, t), eta 1 - eta8 (** seal of drawing 
1 ) was expressed with the horizontal axis, the vertical axis was set as the capacity maintenance rate (%) 
in 25 ** and it was expressed with the graph, the result as shown in drawing 1 was obtained. 
[0046] 

The addition of a zirconium is fixed to 0.90-mol% 0.01 -mol% so that clearly from the result of the graph 
shown in drawin g 1 , If a crystallite diameter uses cobalt acid lithium (LiCo0 2 ) over 1 100 A when changing 

calcination temperature and changing the crystallite diameter (A) of positive active material (LiCo0 2 by 

which Zr was homogeneously added by the surface), The positive active material eta 1 (848A) additive- 
free in a zirconium, eta 2 (896A), the cell G1 using eta 3 (950A), G2, and G3 show that the cycle capacity 
maintenance rate in 25 ** is less. It turns out that it is desirable to use the cobalt acid lithium (LiCo0 2 ) 

prepared so that a crystallite diameter might be 1 100A or less, when the addition of a zirconium was 

fixed [ this ] to 0.01 -mol% or 0.90-mol%. 

[0047] 

On the other hand, DSC exothermic starting temperature was measured by the same method as **** 
using each of these cells A1-A8, D1-D8, G1 - G8. Then, when the crystallite diameter of the positive 
active material alphal -alpha8 (O seal of drawing 2), delta1~delta8 (** seal of drawing 2 ), eta 1 - eta8 (** 
seal of drawin g 2) was expressed with the horizontal axis and it expressed with the graph by setting a 
vertical axis as DSC exothermic starting temperature (**), the result as shown in drawing 2 was 
obtained. 
[0048] 

While DSC exothermic starting temperature will fall if a crystallite diameter falls so that clearly from the 
result of the graph shown in drawing 2 , When a crystallite diameter comes to be less than 900 A, the cell 
G1 using the positive active material eta 1 (848A) additive-free in a zirconium shows that DSC 
exothermic starting temperature falls. It turns out that it is desirable to use the cobalt acid lithium 
(LiCo0 2 ) prepared so that a crystallite diameter might be not less than 900A, when the addition of a 

zirconium was fixed [ this ] to 0.01 -mol% or 0.90-mol%. 
[0049] 

In order to acquire good cycle performance and thermal stability from these things (1 10), the crystallite 
diameter of vector directions needs to choose and use a lithium content cobalt multiple oxide (not less 
than 900A and 1100A or less). Thereby, improvement in cycle performance can be attained by addition 
(it is less than 0.90mol% in more than 0.01 mol%) of a small quantity of a zirconium, without being 
accompanied by capacity lowering or safety fall. 
[0050] 

[Effect of the Invention] 

As mentioned above, in this invention, a zirconium is more than 0.1mol% by coprecipitation at the time of 
composition of the cobalt compound (for example, cobalt carbonate, cobalt hydroxide) as a source of 
cobalt, less than 0.9mol% — he is trying to use the lithium content cobalt multiple oxide of the added 
hexagonal system as positive active material As a result, improvement in cycle performance can be 
attained by addition of a small quantity of a zirconium, without being accompanied by capacity lowering 
or safety fall. 
[0051] 

Although the example using the lithium content cobalt oxide of a hexagonal system in which the 
zirconium was homogeneously added by the surface as positive active material was explained in the 
embodiment mentioned above, It may be made to use the lithium content cobalt oxide which replaced 
some cobalt of the lithium content cobalt oxide of a hexagonal system with vanadium (V), chromium (Cr), 
iron (Fe), manganese (Mn), nickel (nickel), aluminum (aluminum), etc. 
[Brief Description of the Drawings] 

[Drawing 1]It is a graph which shows the crystallite diameter of cobalt acid lithium, and the relation of 
the cycle capacity maintenance rate in 25 **. 

[Drawing 2]It is a graph which shows the crystallite diameter of cobalt acid lithium, and the relation of 
DSC exothermic starting temperature. 
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[Translation done.] 
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[ 0 0 l 4 ] 

2. lESS^M'OltttfflOSiJ^ 

#6>nfciEffi?g%lSa~7)*X R D (X-Ray Diffraction) tc «fc £ ^ 7x^ B B B f 

C3/WI/H'JfH (LiCo0 2 ) T* $> & Z. £ ft BJ1 £> £ & fc 0 3: ft , x 7 — <D 
j£ £ ffl <^ T IS B B a ^ g ( (1 1 0) ^^h^^ftcrjjg^^^) *#I6J IE ® S K a ( 
Zr:0. 0 1 mo 1 %) 1 0 0 1 AT'fet), iEliSftllS (Z r : 0. 1 0 m o 1 % 
) & 9 8 5 A T* £ IE ® S % S y (Zr : 0. 50mol%) i± 9 7 8 A T' & 9, IE® 40 
j£ « <5 (Zr:0. 9 0 m o 1 %) !i 9 5 2 A T'$ t) , iEiiSSftif ( Z r : 1 . 00 
m o 1 %) 9 4 7 0, iEig«I ( (Zr:2. 0 0 m o I %) li 9 3 2 AfS 

5, IE ffi i£ f% H tj ( #S 53* *P ) til 0 1 5 A T* fc o ft „ 
[0015] 

O^T*, *> ft rclEMWi% a ~~ t\ * % ft % ft 2 g-^OfflicL, dne^^IESjS^M^ 

^ n i 5 o m i <o ^ * > 5^ m 7j< «« % « ^ n ft ^ ffi ^ 2 0 0 m 1 «o t - * - ^ t ftp * ft 

0 z-ti-dpicm.nTzxft. ii^^Kt-f-A-^^-zufes, 3o# 

^MPPLfto O^T', I!fL/cSi§«*^7L'>7^^- ( P T F E llfftgtfO . 

1 m m <D O ) tC T©5I i® 5S L ft MM % I S F E T ( lon-Se 1 ect i ve Fieldef feet Tr 
ansistor: y - 5lO^ ^ V t 5t LtSS6^^0t|?aS h 7 V 50 
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t? t, $ ) n ® * m x. it p h * - * k r m je l /t *s * , Tfao^iic^-r.fcdftsamtfffe. 

[0016] 

i ] 



f © 

am 


Z r CO 

?<Js7JPfi 

(mol%) 


Jfcfc B JZ- 
7FP HH 

(A) 


P H 


a 


0.01 


10 0 1 


10.3 


a 


0.10 


9 8 5 


10.3 


y 


0.50 


9 7 8 


10.4 


8 


0.90 


9 5 2 


10.4 


E 


1.00 


9 4 7 


10.5 


C 


2.00 


9 3 2 


10.7 






10 15 


10.3 



10 



20 



[0017] 

±IE* 1 <E> iB HI &IU§ & ft J; -5 fc, 3 ^ >) A <D iia i « ^ t 5 t o T , H ^ 

g # k -r * # , m fc p h tt *< ti * -r « c t *>< # & % „ 30 

[0018] 

3 . IE « © 13 

8 5 1 1 SP T* , »Sj?iJ LTO«jRt&**>< 1 0 S«gPt? , tLTO^'J - 

U 7* > (PVdF) 5lia5t%« -tMcI^LT, iES-&S!l*f^«Lfeo O (,> T? - 

, fftnfeli^MSN-^f ;1/Udij (NMP) tiB*l/TiEf 77V-i:Lfeft 

fi£ fig L ft „ cn%K*2*fe», fflfiD — ;b*fflVT3f3t©ff* («Atf 1 7 Ojira) lc 
^^JT-Eil, F/T 5t & ( W X fcf 4§ 5 5 m m T' , g?tf 5 0 Oram) t«|iLT> IE 40 
m a , b , c , d , e , f , g * n Jp tl V? SS L fc . 
[00 1 9 ] 

ft *5 . jEffiS^JIa (Z r : 0. 0 1 mo 1 % ) ?:ffl^ftfeO?:jEia t L, IE @ rS ^ X 
jS ( Z r : 0 . 1 0 m o 1 %) l<^cfeO?:IEib t iEfigftS y ( Z r : 0 . 5 

0 m o 1 % ) *fflt>ftfeO*iEIc i:b» IE ffife WDM. 6 ( Z r : 0. 90mol%) £ ffl 
l^fct><D£lEl&d<hL. lEtSS^Me (Z r : 1. OOmo 1 %) fcffll^fckO^IESSe 
tL, lEffirg^KC (Zr : 2. OOmo 1%) *ffl^ftt.O*iEi f fc L, IE ffi r§ Jt 
rj (Zr:^^*0)%fflt,>fc:t>©^IE1®gtLfco 
[ 0 0 2 0 ] 

4 . fi«<£>flsJS! . 50 
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-7? , 55 «S H ft » * # 9 5 St S SP T- , StSiJt LT<D#'y7^ltlf-V f> ( P V d F ) 
f»**<5Ka»fc*SJ:^tcfi*bfca, cn^rN-^f-;l/tfD'J F > ( N M P ) t S -ft 

fiScbfco cn*ft*?tft8, E*D-/l/%ffl^T3ISi!)»* ( fl»J * 1 5 5 /x m ) K & 
5ST-EII, m^TTrS (B»Ji(fH^5 7mmt\ 1«#5 5 Oram) t^liLT^ A ® 

[ 0 0 2 1 ] 

5. — 

O ^ T? , iadiMcfFlLft^jESa, b, c, d, e. f , g t, ±32£<D<£?fc:LT 10 

# 4H ^ fc iS S L , x ^ u ^ * - # * - h (EC) (DEC) i: <D 

f «ll^i§l(c, L i P F,t l t;l//V y h/P»ilft**t*I*aAUft. 
[ 0 0 2 2 ] 

dcD^. fl.SEffi©IHP*lCiEa*«:!fc9ft**T*tPLT, S(S§1*M 5 0 0mAh ( iS 
J 6 5 m m T~ , fiS^ 1 8mm) 0|p*«»K — ^m^Jfe^n^nf^Bbfe. * ft , IE 

5:I|C tl, jEfiid^ffl^fcfeOfcitft&DfcL, iEI e ^fcfe^^liE L, IE® 20 

[ 0 0 2 3 ] 

6 . «»1#tt©a!l3e 

( i ) mm&m 

Ctl^O^lflSA-G^ffl^T^ 2 5 tOiSSSiT, 1 5 00mA (1 I t : I t it 5£ 

§ » (mA) / 1 h ( m ffl ) TSJtl5i!i) O 3t « « T . litStlAM . 
%ST?3e«i«t3t*bfea, tiStE* , 4. 2 VO^tffT*I±Siii£tf 3 OmAtaSSf 
5£ « EE ft * L fc „ CCDW:, 1 500mA (1 I t) <D WlWW.ffi-Z MfliW B. & 2 . 7 5 V t 

^sasam* 1 h ?s » ff o t , & « ^ n a* 6 1 t^nioatg 

[ 0 0 2 4 ] 

O^T\ iinedlSA-G^ffl^T, 2 5 "CCD'U&mmV . 1 500mA (lit) 

©ft »® set, nmwB&4. 2 vtc*5.st?s«'«3t«ufc«. «}ti«EE#4. 2v© 

^lET'^itS^S OmAic^Sf t'^f E^lLfco d © ^ . 15 0 0mA (1 I t 
)©j5ft«ttj5ftT*W?S«jEtf2. 7 5Veft5nftlJ*, Z. tl * 1 V J 9 B <OftMLW 
tLfzo o^f, c©«i:5SS]5!!t5:3 0 Of •i , ^;HDILTfii\ 1 t^i';HOS 
tSlt5iftS 3 0 Of^^^BOiitigiOJt^ (%) * 2 5 tT?©Si*»* (%) 

[ 0 0 2 5 ] 40 

(3) 6 0tTO8i*»* 

|H] & {C % Ln^OSIlA-G^ffl^T, 6 0 tOiSti^T, 1 500mA (1 I t) 
© 3fc « « » T? , ft ?ft « BE ** 4 . 2 V(C*l,f T'SiS?EtLfci, « » « EE )V 4 . 2VO 
5£«JET-^Jhmifttf3 0mAtC&£S;TSitJEft«L7cc d <D , 1 5 00mA (1 I t 
)©Jfctt«??it-emitiWJE#2. 7 5 V£%5ft*Mft, : tl* 1 */l/lK)Jtttl 
L fc . O ^ T' , H<DJ:?4SS!t^3 0 Of-l'i'/H^ILT^^, 1 ^ * ;1/ @ <D WL 
ft § ft £ 7c l/N -T § 3 0 0 f * ;b i © « H S * © Jt ( % ) ^ 6 OtfOglStMl ( % 
) t LTf fc, TSE<0I2 tSti^eitS^ft. 
[ 0 0 2 6 ] 

(4) ft «ie «©?&##! (Dsc««nwftSiaaowJS) 50 
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O^T*, C n 5 © & « ft& A ~ G * m^X , 2 5 tOSSIIf, 100MAO3cWltjjStT- 

» o cn50H»fr4 OmgfcSLTlf OmgiDiftft, 7 

J» * ft (DSC) tAnt, giglg*'5'C/tn i n T'SiS? tl, SHSfrfflSSft 

s a* (Dsc«»Mi6iaaf) * «y 3£ -f s £ > Tffl<i>a2fc^-f«k3fc*ssi:;a: 

[ 0 0 2 7 ] 

[S2] 10 







DSC 

/,A yg 

(°C) 




2 5 C 

(%) 


6 0 C 

(%) 




z 
ft 


r $?JJP 
(mol%) 


-rx<A) 


p i-hb: 


(m Ah) 


A 


0 


. 0 1 


i 


0 0 1 


1 o . 


3 


17 8 


16 5 0 


8 9 


7 4 


B 


0 


. 1 0 


9 8 5 


1 0. 


3 


17 6 


16 4 8 


9 1 


7 6 


C 


0 


. 5 0 


9 7 8 


1 o . 


4 


17 5 


16 3 0 


9 2 


7 7 


D 


0 


. 9 0 


9 5 2 


1 o . 


4 


17 3 


16 10 


9 4 


7 6 


E 


1 


. 0 0 


9 4 7 


1 o . 


5 


17 0 


15 9 0 


9 4 


7 3 


F 


2 


. 0 0 


9 3 2 


1 o . 


7 


16 7 


15 5 0 


9 4 


7 3 


G 




L 


1 


0 15 


1 o . 


3 


17 8 


16 5 0 


8 5 


7 0 



30 



[ 0 0 2 8 ] 

±E»2©e*fr691&fraJ:dfc:, ( Z r ) <D j& in S 0 . 0 l m o l % 

W±©IE«a~d#ffl^;te*ifiA~D&±* ^ ;l> - ^ A ( Z r ) #&?8in<DIEffig«:;B^ 
fct»Gck5fe, 2 5°Cfeilf 6 0 4%H±t^jJ:bTt^i: ttf^ 

6^ * o fibs ^;l/n- r ) A ( Z r ) OiiPlAM. 0 0 m o 1 % W ± © IE fig e , f 
ft n m E , F l± > ^;l/3-n ( Z r ) #&5Sin®iElBg*;H^:fc«fflGJ:t>fe. 2 5 °C 
"POS««U»**lft± , r*Sffi, *J»J£«# 3 %W±fe<ST-r S £ t fete. ifiJH&Siintc 40 

C 6 . ^ ;!/ ^ - £ A ( Z r ) © in a ti . 0. 0lmol%W±T0. 09mol% 
KTttSOfflSb^^^ £ # * 3 0 
[ 0 0 2 9 ] 

7 . ^ ;l/ n - 0 A © ±S JC ?3s fc: O ^ T 

± 2E b ft ff!l tc ^ T * ^ ;l/ 3 ~ £ A O ffi in M * ME 'P £ 3 ft #> fc , IE H g Hi Jt ( L i C 

o 0 2 ) ©«fflfci§Jlte^;l/3-^i***bftiE«S*Jl*ffl^*W 

o SP % . (CoC0 3 ) *«^tc^;l/3-^i* (Z r) £ ft fct £ * ft & , C 

ft «r *& # ft? Jg IS *c <fc 0 *J ^ — £ A in CO ft ft H M ;l/ h ( C o 3 0 H ) * » , c: ft &c K 

ft l> ?■ <i7 A ( L i 2 C O 3 ) «r in b , ft /£ b T ^ )]/ n ~ £ A in © a /<: ;U h g£ U ^ ^ A f 50 
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L i C o O 2 ) OJt«<*i:t«BI|KO^TRWl/ft. 
[ 0 0 3 0 3 

C C T* It , iEIfiftX ( L i C o 0 2 ) © * BB K K fc ^ ^ 3 - *> A * * *° * % k > & ^ 

d i: rJ IE fc: ft 3 £ , fit T W L ft o C © ft *6 , '^^ilOttUSifitlTKl'J 
* A (Li 2 C0 3 ) * ffi jg-T 5 k k t> fc: * 3 ;1/ h » © iti S fiRS k L T E3 » ft H =i ;l/ 
h (CojO,) £ ffl « b ft '& , C fi 6 * «J f - f A k n ^ >b h © * ;U it & 1 ■ 1 KftSia 
£ ff * L T rg & L ft & , ^k; -^jl/^zHSHTift^An^n ( Z r O 2 ) £ 
JllATS^Lft. O^T?, ?# & 41 ft S «l * £ * * T? 8 5 0 "C T" 2 0 & H ^ j£ L T , *S >l> 
3 ^ ^ A ^ i$ M in £ n ft 3 ;l/ b ^ 'J ^ ^ A ( L i C o0 2 ) ©MsSci*^^fi!cLfc 10 

o 

[ 0 0 3 1 ] 

& :}3 , i>';Vn--i7A (Z r) © Ss in M ( ft > iiPili 1 C P !C J: t) L Tf ?> nf:l 

T* 3 ) # 1 . 0 Omo 1 %fca*J:^}c^iSftftiEIiSiI%ESgil9 t 5 
. OOmo 1 %t^5fe©§iEi)S*lIi tbfto o^T\ S^ftiEiffiftl 9 , i5 
X R D K <fc 9 III 5£ "T 3 k . A73SS03/^l'H , ^l!'i (L i CoO,)..?**^* 1 
0J3 £ k ft ft 0 S ft x ft5-Oitll>Tt A "tF S ( (1 1 0 ) ^ * h ;l/ 7? A © A 
?f) ^r5t<465t. iEiSiie (Zr : 1. OOmo 1%) tt9 9 7 AtS&D, 
tl « t ( Z r : 5 . 0 0 m o 1 % ) It 9 9 0 k T* o ft „ 

[ 0 0 3 2 ] 20 
Ol/^T^ f#P.nftiE^S^I«9. t©pH^±jZRklRlfil(cSiJ^-r«k. T 12 © S 3 tc ^ "T 
«k ? fc*S*tf# & nft o ±&©«fc -5 fcfl*«Sttfc*IE«iiS»*e , ifcffii^T, ±xEk|il 
« K IE tt h , i^r^n^tlf^SiUfto ft , jE«i£1**e*JS^fc*>©*IEffihfcL, IE 
Igil i ?:ffl^fcfeO^Ei i i Lfto O^T\ ±t£<D £ 5 lc ft Wi L ft & h , i * 
ffl^T, ±ltl»lStc^7i<lllr^t)ftH, I «:f nfnf^i bfto ftfe, iEtthfc/B 
^fefe©^lMHfcL, IEffii*JHr">fct>©**?ffiI k L ft o 

[ 0 0 3 3 ] 

cne»©^»MH, I * ffl ^ T\ ±S8km«ft75f£fc:J:»K*!lKll£«, 2 5 °C T* © ^ » *t 

(%) , 6 o tt*©giij?$ (%) * j th j en*«>«k, Tis©*3{c^-r<t?ft 

SSJUkftofto ftfe, TfB©*3^{±, Jt)Slftfi6A,.C, DOJSifeftTfvbtV 30 

[ 0 0 3 4 ] 
[« 3 ] 
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mm 






2 5 °C 

mmm 
mm 
(%) 


6 0°C 

m m 
(%) 


mm 


Z r j^JP 
S(mol%) 


■YX(A) 


p HUt 


(m A h ) 


A 


0 . 


0 1 


10 0 1 


1 0 . 


3 


16 5 0 


8 9 


7 4 


C 


0 . 


5 0 


9 7 8 


1 0 . 


4 


16 3 0 


9 2 


7 7 


D 


0 . 


9 0 


9 5 2 


1 0 . 


4 


1 O 1 U 


Q A 


/ D 


H 


1 . 


0 0 


9 9 7 


1 0 . 


8 


15 9 2 


8 6 


7 1 


I 


5 . 


0 0 


9 9 0 


1 1 . 


0 


14 10 


9 1 


7 2 



[ 0 0 3 5 ] 

iEa30e*^6«6*>4J:ai£, « ffl ±9 * K 5> ^ 3 — * A * 0 . 5 0 m o 1 % m ta 
LfciEigftJl (L i Co0 2 ) ^ffi^fcfUSC ->*;b3Z->A?:^^I(e5. 0 0m 
o 1 % iSim L IE « S ( L i C o0 2 ) & ffl ^ ft » ?ffi I b . «?ttc©73 

tf2 5XJ:fc«fctf6 0^T*©£»li#*#fa±LT^SCfc##;frSo S ft , Si ffi &c i$ Jt fc 
i^^n-'JAi&O. 0 1 mo 1 %^iDbfeiEgS^K (L i C o0 2 ) % Ri ^ fcWtik A t 
s i? >V 3 - V I* * IC 1 . 0 Omo 1 %iiOL?iiEIigftl« (LiCo0 2 ) 

fcmmn t* ttm-r z> t , ® ?ti a <d 7? 2 5 °c & <t t>* 6 ox;T»oaF»«iJ***i«ift±UT^ 
sctA^fri. cn5ocfcft»6, m. m ic m st »c s> ^ 3 — •> a * ^ in -r % t s '>iT-a 

JR ft ft j&ip 7b< rJ fig i: * * c i: # ■§ „ 

[ 0 0 3 6 ] 

8 . i©ii/Djcito^T©MH 

± xE b ft 09 ic *5 ^ T . (L i C o 0 2 ) KSSTCiS t bt^;V3 - 

A (Z r) £ i& *Q £ W £ O l> T & if U ft *^ t C T'lift6<Dll7cl t It f ^ > (T 

i) z mm v rz m ic -o ^ r & m v tz „ ss k 3 >s a» h (coso 4 ) a » t m £ 

m<Dffi,&?- 2 > (T i S0 4 ) *WitjQLrc&, mMfcmi- h V f A (NaHC0 3 ) £• ftD 
§C iti-jt, W » n ;!/ b (C0CO3) ^ i£ B# fc ^ # V (Tf) Sr « *fc £ ft <, C 
©«, C n 6 * Jft # IS E JS fc: «t t) , 3 h M © ttl 3! H *4 i: L T * V^toO ESHtH 
( C o 3 0 < ) ft D O^T*, 'J^fi»»Ott«Ifit LTRlUf ">A (Li 

2 C 0 3 ) * m Jfc L- ft % v 'J 9 A i: n / h <D * ;b Jt l : l fc ft a «t 9 ft L ft . o 
<^T^ cn^fLitT'i^Lfti, »6nfta*ft*2«tti? 8 5 0 tf 2 OUHftStL 
T v ^*V8s*ra<93M/l/bS?>;^^A (L i Co0 2 ) ©JSj*#«:#fiRLfco C © « » -gr 

[ 0 0 3 7 ] 

CUT', f- $ > ( T i ) co tin ft C ft s ^ to ft « I CPfciOMl/TSSftftif* 

3 ) # 0 . 5 Orao 1 %U5J:?t^«JnftI@g|lM^EIgft«/t i:L> 0. 9 
Omo 1 %tft« feOSESiSUJIUlft, ^^T. tf6nftJE«S»JI/e, A £ X R 
D IC J: 0 M!l SE -T -5 t , A 7? b b b 3R O 3 ;b h R V V A ( L i C o O 2 ) T' « CI £ & W % 

t ft o ft o s ft , v- x 5 - o ss * m ^ x is s s a ? s ( (1 1 0 ) ^ ^ h ,1 fa <d m n ? s 

) ^r^^^i:, iESSil* (Ti : 0. 50mo 1%) IJ 9 2 5 aT'$D, IESsS^S 
A ( Z r : 0 . 9 0 m o 1 % ) It 8 9 0 A T* o ft e 
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[ 0 0 3 8 ] 

■3 ^ T* , m % ntcmmmmn k , a <o p h * ± 5$ t m m ic m je f * t , TK©S4fc?nt 
iiftes^nstift. £ft, ±a©J:^fcff8fnft*E«ffi*iiii, a*jii,ot\ ± 

3zE i: n tit £ IE 8E j , k * * ft € ft ft S! b ft „ ft *3 , £«SWlJtit*ffl^fc*>©*IESjfc 
L , iEig»Jli4ffli/^ct04jEiki:Uft. o^t, ±a©«t5tcftHb^*iEaj 

, k*i^t, ±mt mmic^y^mmM-^-kmm j , k fc^-ft^ftftia bfte- ft *s> n 
j ^s^fct©%ii j tt, lEm k * m ^ tz >t> <o & mm k t v tz o 

[ 0 0 3 9 ] 

6o°cT'©^s«3f^ (%) fej;tfD s c^iwtefis^^nfn^ftjt, tibos 10 

[ 0 0 4 0 ] 
iU A ] 







mm a 

(*A*) 


iMf & ^F- 
(A) 


P H 


SCO 


2 5 °C 

mmm 
(%) 


60t 

n m 
(%) 


c 


Z r 


0.5 0 


9 7 8 


10.4 


17 5 


9 2 


7 7 


D 


Z r 


0.90 


9 5 2 


10.4 


17 3 


9 4 


7 6 


J 


T i 


0.50 


9 2 5 


10.5 


16 5 


9 2 


7 5 


K 


T i 


0.90 


8 9 0 


10.6 


16 2 


9 3 


7 5 



20 



30 



[ 0 0 4 1 3 

± IB B. 4 © *S HI 8 P> tr ft J; -5 K. , z 'J? A (Zr) ft T 5^ £ ^ (Ti) 8s 

ftp L ft if % m b 8s to ft T? * -3 T t> IS A ? S # '>S < ft * ^ i: fe fc p H m tfi ± » b T . D 
S C R §& M !§ ft W 1 ' 0 °C U ± fe fg T b X ^ * C # 5 o C <D C t <Z> » 3 A ^ h ft 
iJf-)A (L i Co0 2 ) &C g ffl tt; IS fc U ^ * V (T i) J&SiO-rSJcDfe^^n-^ 
A (Z r) * S in b ft # # tt & S c i: fl- 5 o aftsfc, x h WlV f-V J* 
(LiCo0 2 ) o^®{ci&Kfc^;l/3^^A«r^Ap-r*i:, ttfiSttfcSiSLfcSS ( 

M Vtt H 14 * « Jf , 2 5 °C (*ffl) «ft«#¥*3 cfc t>*6 Ot (IS) 

^^r(pl±^-&-g 1 Ctft^'5jHgT'fei. 0 40 
[ 0 0 4 2 ] 

9 . SSgf I(CO^T©«W 

o^f, gffitci|«t->*;U3-^A ( z r ) % j3s ira b ft; 3 ;l/ h B£ <J ^ 9 A ( L i C o O 
2 3 ^^al?!©^^? f^^ttlfLfcc, f lT, IE H S ^ H a CZr : 0. 01 mo 

i %) ^^^-r * isfcfliriiiflacfcsgfb ? #r , igji^s^^ft^ftftft *mffi?SftKo i 

( 8 5 1 A ) , a 2 (899a), a 3 (952a), a4 (997a), a 5 (104 

8 A ) , a 6 (1100a), a 7 ( 1 1 5 2 A ) , a8(l200A)£Mbft„ 
[ 0 0 4 3 3 

3: ft, IE® fey® 8. 8 (Z r : 0. 9 0 m o 1 % ) fc^j£-r5E£»c#&/j£i&ft£rgft:£-fc3:T> 

33 H ? g ft^ ft € ft A ft 4 IE S S KB K <5 1 ( 8 5 4 a). 5 2 ( 9 0 2 a), 5 3 ( 9 5 50 
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OA), 6 4 (997a), ,55 ( 1050a), <56 ( 1 1 0 1 A ) , 6 7 (1153 
A) , <5 8 (1 2 0 1 A) £ M L fc c HQ K. , EUSMtj ( ft ft ftl ) **JiEt8BlL 

^fiKiSJS^^ft ? -arTs isji? atftn^niifcftiEai&WJt i? 1 ( 8 4 8 a) , t, 2 ( 

896A), tj 3 (9 5 OA) , tj 4 ( 9 9 8 A ) , tj 5 (1048a) , t}6 (110 
lA), tj 7 (1150a), tj 8 ( 1 2 0 0 A) %ffSLfc 0 
C 0 0 4 4 ] 

±a«0«fc^fcft?8!*nfe#iEffig«l3lo 1 ~ a 8, 6 1 ~<5 8 i5 <£ t>* tj 1 ~ tj 8 

^rffli/^T, ±5£i:H«fcLTIEffia 1 ~ a 8 , d 1 ~ d 8, g 1 ~ g 8 ^ f nfn^lL 

fc 0 ftte, IE 81 S ft St a 1 ~a 8%ffl^fttO%jEffia 1 ~ a 8 L , IE ffi jg ft Jt <5 1 ~ 
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